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I.  EXECUTIVE  SUMMARY 


1.  STROM  Task  10  is  a  technical  and  operational  feasibility  study 
of  the  use  of  buffers,  other  than  spacer  cars,  in  preventing  propagation 
of  explosion  from  railcar  to  railcar:  Given  that  a  detonation  occurs 
within  the  munitions  contained  in  one  car,  is  it  feasible  to  prevent 
munitions  contained  in  other  cars  from  augmenting  that  explosion? 

2.  Experiments  and  analysis  were  conducted  for  155  mm  SLP  and  the 

MK  80  series  bombs.  Results  demonstrated  that  it  is  technically  feasible 
to  limit  the  size  of  an  explosion  to  a  single  unit  of  munitions,  where 
that  unit  can  be  a  railcar  load,  a  multiple  pallet  unit,  or  a  single 
munition. 

3.  The  techniques  used  involve  various  combinations  of  unit  shielding, 
reorientation,  and  spacing.  Spacing  is  a  critical  factor,  and  drives  costs 
up  both  because  of  increased  dunnage  requirements  and  because  of  reduced 
carrying  capacity. 

4.  It  is  recommended  that  breakbulk  rail  shipments  of  155  mm  SLP  be 
configured  in  thirteen  each  eight  pallet  units  per  50  foot  railcar.  Units 
should  be  oriented  nose-nose,  base-base,  with  munition  principal  axes 
parallel  to  the  main  axis  of  the  railcar. 

3.  It  was  demonstrated  that  modification  of  the  nose  configuration 
of  the  MK  80  series  bomb,  by  redesign  of  the  plastic  nose  plug,  signifi¬ 
cantly  reduces  probability  of  propagation  between  units  of  MK  80  bombs, 
stacked  in  nose-nose,  base-base  configuration,  provided  adequate  spacing 
is  maintained  between  units.  It  was  inferred  from  data  resulting  from 
the  Roseville  explosion  that  approximately  1  m  is  an  adequate  spacing 
between  units  of  MK  81  bombs. 

6;  It  is  recommended  that  tests  be  conducted  with  units  of  bombs, 
containing  nose  plugs,  to  verify  the  safe  distance  between  units. 

/ •  the  event  that  the  distances  between  such  units  are  not  pro¬ 
hibitively  large,  it  is  recommended  that  MK  80  series  bombs  be  shipped, 
with  nose  plugs,  oriented  nose-nose,  with  appropriate  spacing  between 
units . 
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II.  INTRODUCTION 


1.  Objective.  The  objective  of  Task  10  was  to  determine  the  tech¬ 
nical  and  operational  feasibility  of  reducing  the  risk  of  propagation  of 
an  explosion  from  railcar  to  railcar.  Spacer  cars  were  specifically 
excluded  from  this  study,  being  addressed  elsewhere  within  the  STROM 
Program. 

2.  Approach.  To  achieve  this  objective,  an  initial,  careful  assess¬ 
ment  of  the  available,  proven  techniques  was  made.  When  it  was  found  that 
the  available  technology  was  inadequate  to  serve  the  purposes  of  this  task, 
a  combined  experimental/analytical  approach  was  formulated.  Heavy  reliance 
was  placed  upon  ongoing  6.1  and  6.2  research  and  exploratory  development 
programs  to  provide  the  necessary  understanding  and  mechanistic  information. 
Indeed,  throughout  the  entire  course  of  this  task,  input  from  6.1  and  6.2 
programs  was  used.  Candidate  techniques  were  chosen  based  upon  the  as¬ 
sumption  that  transport  requirements  could  place  a  premium  upon  space, 
weight,  and  material  costs.  All  options  described  in  the  initial  charter 
of  the  program  were  addressed,  at  least  to  determine  technical  feasibility. 
Those  options  which  were  demonstrated  to  be  technically  feasible  and  did 
not  have  obvious  criteria  for  rejection  were  subjected  to  an  analysis  of 
operational  feasibility. 

The  management  and  coordination  of  this  task,  as  well  as  most  of  the 
analysis  of  technical  feasibility  and  experimental  work,  was  conducted  by 
the  US  Army  Ballistic  Research  Laboratory,  USAARRADCOM.  Some  testing  and 
analysis  was  performed  by  the  US  Naval  Weapons  Center.  The  entire  opera¬ 
tional  feasibility  analysis  and  much  of  the  literature  search  was  conducted 
by  the  US  Army  Defense  Ammunition  Center. 

III.  BACKGROUND 

1 .  Propagation  Mechanisms  and  Implications.  The  propagation  mech¬ 
anisms  strongly  influence  the  possible  approaches  ‘which  can  be  used  to 
reduce  the  size  of  an  explosion,  and  are,  thus  summarized  briefly  below. 

The  development  of  an  explosion  among  mass-detonable  stores  can  be 
considered  to  occur  in  two  steps;  an  initial  step  which  leads  to  the 
detonation  of  one  or  more  individual  munitions,  and  a  propagation  phase, 
where  nearby  munitions  are  subjected  to  the  severe  blast  and  fragment 
loading  from  munitions  which  have  detonated  and,  through  a  variety  of 
processes,  detonate  themselves,  or  react  sufficiently  violently  to  insure 
continuation  of  the  events  throughout  the  array. 

The  initial  event  can  occur  by  either  of  two  processes,  impact  or  fire. 
In  the  background  study  for  this  task  and  for  Task  2,  it  was  determined 
that  the  principal  cause  of  the  initial  event  is  fire,  for  transport- 
related  explosions.  Since  the  thermal  environment  which  a  munitions  array 
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sees  is  rarely  isotropic,  typically  a  single  munition  will  cook  off 
before  others  and  the  source  of  the  explosion  can  be  considered  to  be 
a  single  munition.  No  instance  of  an  accidental  (i.e.,  excluding  hostile 
action)  explosion  of  munitions  in  transport  has  been  identified  as  re¬ 
sulting  directly  from  impact. 


Mass  detonation  occurs  as  the  result  of  propagation  of  explosion 
through  the  array .  Impact  provides  the  primary  process  by  which  prop¬ 
agation  through  the  array  occurs.  Several  mechanisms  are  involved.  For 
munitions  containing  moderately  sensitive  explosives  (all  explosives 
currently  used  as  standard  fills  in  US  Army  munitions  fall  into  this 
category)  and  configured  in  arrays  with  high  packing  densities  (as  in 
standard  artillery  shell  pallets,  for  example)  shock  initiation  can  lead 
to  prompt  -  within  50-100  microseconds  -  detonation  of  neighboring  muni¬ 
tions,  in  the  event  that  one  munition  detonates.  Peak  pressure,  shock 
rise  time,  and  duration  of  the  shock  determine  whether  or  not  the  shock- 
loaded  munition  will  detonate.  Since  the  duration  of  the  pulse  depends 
most  strongly  upon  the  size  of  the  donor  munition,  most  approaches  to 
overcome  the  shock  initiation  threat  rely  upon  reducing  the  peak  pressure 
and  increasing  the  shock  rise  time.  The  shock  rise  time  can  be  modulated 
to  some  degree  by  appropriate  use  of  shielding  materials/configuration. 

The  peak  pressure  can  be  reduced  by  introduction  of  shielding  or,  to  some 
extent,  by  separating  the  munitions  to  capitalize  upon  divergence  effects. 
The  limit  of  the  latter  approach  is  determined  by  the  size  and  velocity 
characteristics  of  the  primary  fragments  from  the  donor  munition. 

If  classical  shock  initiation  has  been  eliminated  as  a  mechanism, 
propagation  of  detonation  from  munition  to  munition  can  occur  as  a  result 
of  rapid  casing  failure  caused  by  the  severe  loading  associated  with 
multiple  fragment  and  blast  loading  (for  small  distances  between  charges) 
or  single  fragment  impact  (at  larger  separations).  Thus,  a  requirement 
for  effective  control  of  the  size  of  an  explosion  in  a  munitions  array 
is  that  the  rate  of  deformation  and  structural  failure  of  the  munitions 
be  kept  below  a  threshold  value,  which  threshold  value  must  be  determined 
experimentally. 

For  munitions  containing  brittle  and  reactive  explosives  such  as 
composition-B  or  TNT,  shattering  of  the  munitions  must  be  prevented,  as 
both  calculations1  and  experiments  indicate  that  reaction  of  the  explosive 
within  the  fireball  contributes  to  the  blast. 


lOppenheim,  A.  K.  ,  et  al,  "Blast  Waves  Generated  by  Exploding  Clouds ," 
Shook  Tube  &  Shook  Wave  Research,  1978,  published  by  University  of 
Washington,  pp  465-472,  Proceedings  of  Symposium. 
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The  above  considerations  led  to  the  conclusion  that  there  are  three 
factors  which  can  be  exploited  to  control  the  size  of  an  explosion  of  mass- 
detonable  munitions;  shielding,  spacing,  and  reconfiguration.  The  first 
two  factors  affect  the  severity  of  the  stimulus  delivered  to  the  neighboring 
munitions  by  the  fragments  and  explosive  products  from  the  detonating  source 
munition(s) .  The  third  factor  utilizes  the  nonisotropy  of  the  munitions 
to  insure  that  the  target  munitions  are  placed  in  position  to  receive  the 
weakest  possible  part  of  the  donor  munition  threat,  and  to  insure  that 
the  target  munitions  are  oriented  so  that  they  can  offer  greatest  resistance 
to  the  incoming  threat.  These  three  factors  were  evaluated  in  different 
combinations,  to  arrive  at  various  technical  options. 

2.  Choice  of  Munitions  for  Intensive  Study.  At  the  outset  of  the 
study,  it  was  apparent  that  the  particular  approaches  which  might  be 
effective  would  strongly  depend  upon  the  munitions  involved,  and  a  global 
solution  applicable  to  all  munitions  was  unlikely  to  be  obtained.  The 
M107  155  mm  separate  loading  projectile  was  chosen  to  receive  primary 
attention.  This  decision  was  based  upon  the  facts  that  (a)  past  history 
and  projected  usage  rates  indicated  that  the  155  mm  projectile  is  a  high 
volume  item  and  (b)  the  155  mm  projectile  has  a  high  propensity  for  mass 
detonation2’3.  This  projectile  comes  filled  with  either  TNT  or  com- 
position-B  explosive.  Since  the  composition-B  filled  projectiles  are 
more  powerful  -  thus,  a  more  serious  threat  -  and  more  sensitive,  all 
tests  were  conducted  with  these  shells.  Any  solution  which  would  work 
for  the  composition-B  filled  shell  would  also  work  for  TNT  filled  rounds. 

Consideration  was  also  given  to  the  MK  80  series  general  purpose 
bombs,  because  of  the  large  quantities  shipped  and  because  of  the  severity 
of  the  mass  detonation  problem. 

3.  Options  Considered.  The  following  approaches  were  considered: 

a.  Shields  between  individual  munitions,  spacing  as  needed. 

b.  Sand  bags  between  pallets,  spacing  as  needed. 

c.  Reconfiguration  of  pallets  within  transport  vehicle, 
spacing  as  needed. 

d.  Shielding  between  multiple  pallet  units,  spacing  as  needed. 


2Dobbie ,  J.  and  Allan,  D.,  "An  Analytical  Model  to  Predict  Explosion 
Propagation "  Minutes,  DOD  Explosive  Safety  Board,  Sixteenth  Explosive 
Safety  Seminar ,  Hollywood  by  the  Sea,  FL  (1974). 

3 Parkinson ,  A.  and  Smith,  K.  T. ,  " T209  Milvan  Container  Storage  Tests 
Final  Report ,n  Toole  Army  Depot  (1975). 
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e.  Shields  or  barriers  as  part  of  a  specially  designed  car, 

(1)  Fire  retardant-treated  lumber. 

(2)  Steel  ammunition  pallets. 

(3)  Out gassing  agents. 

f.  Plastic  nose  plugs  for  MK  80  series  bombs. 

Items  b  and  e  were  addressed  because  they  were  specifically  requested 
in  the  original  STROM  tasking  documents.  Technical  details  and  test 
data  for  the  various  options  will  be  contained  in  a  data  report  to  be 
published  as  a  sequel. 


IV.  TEST  RESULTS  AND  ANALYSIS 

1 .  Technical  Feasibility. 

a.  Individual  Munition  Shielding.  The  first  approach  tried 
involved  the  use  of  plastic  shielding  between  individual  munitions. 

Plastic  was  chosen  because  it  was  lightweight  and  does  not  readily  trans¬ 
mit  the  shock  wave  to  the  acceptor.  Placement  of  plastic  between  the  de¬ 
tonating  munition  (the  donor)  and  its  neighbors  can  greatly  increase  the 
rise  time  of  the  shock  wave  transmitted  to  the  explosive  in  the  neighboring 
munitions.  In  addition,  significant  reductions  in  peak  pressure  transmitted 
to  the  explosive  can  be  obtained.  Thus,  by  appropriate  use  of  spacing,  and 
with  appropriate  thicknesses  of  plastic  between  munitions,  propagation  of 
detonation  between  155  mm  projectiles  can  be  prevented.  Test  data  are 
provided  in  the  appendix.  Here,  it  is  sufficient  to  note  that,  when  the 
spacing  between  155  mm  M107  composition-B  filled  projectiles  is  one  caliber, 
a  1.27  cm  (0.5M)  thick  layer  of  plastic  placed  midway  between  rounds  is 
adequate  to  prevent  detonation  of  the  neighboring  rounds,  given  the  de¬ 
tonation  of  a  donor.  The  width  of  the  plastic  must,  of  course,  be  approxi¬ 
mately  one-half  the  munition  caliber  in  order  to  prevent  direct  impact  of 
donor  fragments  upon  the  acceptor  projectiles. 

Although  the  plastic  is  effective  in  preventing  detonation  of 
neighboring  munitions,  the  nearest  neighbor  munitions  are  loaded  suffi¬ 
ciently  severely  to  cause  their  breakup  into  several  small  pieces,  with 
exposure  of  the  explosive  to  the  fireball.  This  is  not  a  severe  problem 
with  a  155  mm  donor  projectile,  as  the  fireball  is  sufficiently  short  lived 
that  pieces  of  unreacted  explosive  are  sometimes  recovered.  However, 
this  makes  very  difficult  scale-up  of  the  technique  to  large  munitions  - 
500  lb  bombs,  1000  lb  bombs,  etc  -  as,  for  these  larger  items,  the 
explosive  would  react  within  the  fireball  and  quite  clearly  contribute 
to  the  blast.  It  also  will  be  a  problem  when  more  than  one  155  mm  round 
serves  as  the  donor,  as  fireball  duration  increases  with  increased  charge 
size. 


13 


/ 


The  principal  advantage  of  using  shielding  between  individual  muni¬ 
tions  is  that  the  size  of  the  most  probable  explosion  is  small;  the  blast 
and  fragment  radii  reduce  to  those  for  a  single  munition,  viz,  for  the 
M107  155  mm  projectile,  and  Inhabited  Building  Distance  (IBD)  of  30  m 
(98  ft)  and  a  Fragment  Distance  of  122  m  (400  ft)4.  (The  IBD  is  defined 
as  the  minimum  permissible  distance,  between  an  inhabited  building  and 
an  explosive  location,  that  provides  a  high  degree  of  protection  to  the 
building  occupants  from  blast  or  shock  effects.  The  Fragment  Distance 
is  defined  as  the  range  to  which  a  hazardous  fragment  density  may  extend 
from  the  explosion  of  a  particular  type  of  ammunition.  A  hazardous 
fragment  density  is^defined  as  a  fragment  energy  density  of  one  fragment 
with  78  joules/56  m  (reference  4)). 

The  disadvantages  of  this  approach  are  twofold:  The  configuration 
is  space  inefficient,  as  approximately  one  caliber  of  spacing  must  be 
maintained  between  each  munition.  Secondly,  although  any  plastic  with 
nominal  density  0.8  -  1.4  g/cc  will  work,  plastics  are  petroleum  based 
materials,  are  expensive  now,  and  can  be  expected  to  increase  in  expense 
in  coming  years.  For  these  reasons,  further  work  with  this  approach  was 
curtailed. 


b.  Sandbags  Between  Pallets,  with  Appropriate  Spacing.  The 
use  of  sandbags  as  shielding  was  specifically  mentioned  in  the  STROM 
charter  document  and  hence,  was  considered  here.  Tests  were  conducted 
to  determine  whether  sand  barriers  between  8-round  pallets  of  155  mm 
projectiles  would  be  effective  in  limiting  the  size  of  an  explosion  to 
a  single  pallet.  Tests  demonstrated  that  a  20  cm  (8  inch)  thick  barrier 
of  sand  placed  between  the  pallets  was  effective  in  preventing  propagation 
of  detonation  or  reaction.  Indeed,  the  munitions  in  the  acceptor  pallets 
were  recovered  essentially  intact,  indicating  that  the  sand  barriers 
could  probably  be  reduced  in  thickness  slightly. 

To  be  effective  as  barriers,  the  sandbags  cannot  be  placed  in  contact 
with  the  pallets.  A  10  cm  (4  inch)  air  gap  between  sandbags  and  pallets 
was  found  to  be  adequate  for  venting  and  decoupling  of  the  loading.  The 
test  configurations  are  shown  in  Figures  1  and  2. 

The  primary  advantage  of  this  technique  is  that  it  provides  a  cheap, 
effective  shielding  approach.  The  size  of  an  explosion  can  be  limited 
to  eight  munitions  (one  pallet),  with  a  blast  inhabited  building  distance 
of  approximately  120  feet  and  a  fragment  distance  of  1250  feet. 

The  approach  is  not  particularly  weight  efficient.  For  pallets 
stacked  only  one  layer  high,  the  weight  of  sand  required  per  pallet  is 
334  kg  (736  lb)  effectively  doubling  the  weight  of  the  pallet  based  upon 


4 AMC  Regulation  385-100 3  Change  3 Chapter  17  (1977) . 
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Figure  1  -  Configuration  used  to  test  effectiveness  of  sandbags  in 
preventing  interpallet  propagation.  Sandbags  in  contact 
with  pallets. 
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Figure  2  -  Configuration  used  to  test  effectiveness  of  sandbags  in 
preventing  propagation  between  pallets.  Sandbags 
separated  from  pallets  by  10  cm  airspace. 
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a  nominal  density  for  sand  of  1.5  g/cc.  Additional  weight  burdens  would 
be  incurred  by  the  necessity  for  appropriate  blocking  and  bracing.  This 
approach  is  not  especially  space  efficient,  either.'  The  required  area 

2  2  ? 
per  pallet  is  0.7  m  (7.3  ft  )  with  sandbags,  compared  with  0.25  m 

(2.7  ft  )  for  a  standard  pallet.  No  further  attention  was  given  to 
this  approach. 

c.  Reconfiguration.  A  schematic  drawing  of  an  M107  155  mm  shell 
is  shown  in  Figure  3.  In  common  with  most  gun  launched  ammunition,  this 
design  has  the  thinnest  casing  on  the  sidewall,  with  the  nose  and  base 
providing  much  more  material  for  protection  against  incoming  fragments. 

While  the  sidewall  is  most  vulnerable  to  fragment  attack,  it  also  is  the 
source  of  the  largest  number  of  high  velocity,  lethal  fragments.  Thus, 
when  such  a  munition  detonates,  the  fragments  from  the  sidewall  present 
the  greatest  threat.  Orientation  of  the  pallets  such  that  the  munitions 
are  oriented  mose  to  nose  and  base  to  base  should  greatly  reduce  the 
tendency  for  propagation  from  munition  to  munition,  since  the  nose-nose 
and  base-base  configurations  provide  at  once  a  less  lethal  threat  and  a 
less  vulnerable  target. 

Tests  were  conducted  with  single  and  multiple  pallet  units  to  ascertain 
what  gains  were  possible.  A  typical  test  configuration  is  shown  in 
Figure  4.  Examination  of  the  data  indicates  that  this  approach  is  very 
effective  in  eliminating  fragment  impact  as  a  propagation  mechanism. 

However,  unless  adequate  spacing  is  placed  between  donor  and  acceptor 
units,  rapid  crushing  with  consequent  detonation  still  occurs. 

The  combination  of  nose-nose,  base-base  orientation  and  proper 
spacing  between  units  is  very  effective  in  limiting  propagation  of  deto¬ 
nation.  For  transport  on  rail,  where  side  exposure  of  munition  laden 
railcars  to  other  munitions  stores  is  an  occurrence  of  extremely  low 
probability,  this  approach  appears  in  itself  adequate  to  prevent  prop¬ 
agation  within  a  railcar  or  from  car  to  car.  For' 155  mm  shell,  a  recom¬ 
mended  configuration  is  shown  in  Figure  5.  This  configuration  is  composed 
of  units  of  eight  pallets  each.  When  thus  configured,  propagation  between 
units  is  greatly  reduced  (our  tests  would  indicate  that  propagation  is 
eliminated,  but  insufficient  tests  were  conducted  to  provide  reliability 
and  confidence  levels).  Thus,  the  explosion  is  essentially  limited  to 
the  donor  unit  of  eight  pallets.  The  inhabited  building  distance  is, 
for  this  instance,  reduced  to  45  m  (150  feet).  The  fragment  distance  is 
390  m  (1250  feet),  however. 
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Figure  3  -  Schematic  drawing  of  M107  155  mm  projectile. 
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Figure  4  -  Typical  test  configuration  to  determine 
nose-nose,  base-base  interactions. 
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Figure  5  -  Eight  pallet  nesting  configuration 
suitable  for  rail  transport. 
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This  approach  can,  in  principle,  be  applied  to  stores  of  any  geo¬ 
metrically  similar  munitions.  With  the  MK  80  series  bombs,  however, 
the  warhead  design  is  slightly  different,  and  tests  carried  out  at  Naval 
Weapons  Center,  China  Lake,  demonstrate  that  jetting  can  occur  from  the 
collapse  of  the  fuze  cavity  area  when  current -design  bombs  are  detonated. 
This  jetting  was  found  to  be  sufficiently  severe  to  cause  initiation  of 
neighboring  bombs  in  the  path  of  the  jets.  The  tests  were  conducted 
with  separation  distances  between  nose  of  donor  bomb  and  side  of  acceptor 
bomb  varying  from  a  minimum  of  10  cm  (4  inches)  to  a  maximum  of  61  cm 
(24  inches).  The  lethality  of  the  jetting  at  greater  separations  would 
diminish  very  slowly  due  to  air  drag,  and  very  slowly  due  to  reduced 
probability  of  hit.  For  multiple  pallet  donor  and  acceptor  units  in 
nose-nose  orientation  aboard  a  railcar,  the  probability  of  hit  would  be 
expected  to  diminish  slowly,  also.  Thus,  to  take  advantage  of  nose-nose 
orientation,  redesign  of  the  nose  plugs  for  the  bombs  is  required. 

Tests  were  conducted  at  Naval  Weapons  Center,  China  Lake,  where 
the  standard  nose  plugs  in  the  MK  81  series  bombs  were  replaced  by 
specially  made  plastic  nose  plugs  which  completely  filled  the  fuze 
well  cavity,  thereby  eliminating  jet  formation,  and  preventing  propagation 
from  donor  to  acceptor  by  this  mechanism. 

It  is  expected  that,  even  with  specially  designed  nose  plugs,  a 
minimum  spacing  between  bomb  units  would  be  required  to  prevent  prop¬ 
agation  via  a  crushing  mechanism.  As  in  the  case  of  the  155  shell,  this 
distance  would  be  expected  to  be  a  function  of  the  donor  size.  No  tests 
were  conducted  to  ascertain  the  safe  nose-nose  distance  for  multibomb 
units.  However  in  the  Roseville  accident  (see  the  Task  2  STROM  report), 
detonation  of  entire  railcars  did  not  occur.  Rather,  the  photographic 
evidence  showed  1/2  car  load  lots  detonating.  The  Roseville  accident 
involved  MK  82  bombs,  probably  configured  as  in  Figure  6.  Thus,  sep¬ 
aration  distances  of  approximately  1  m  between  pallet  appear  to  be 
effective,  based  upon  the  results  of  this  single  eyent.  An  unanswered 
question  is  why  mass  focussing  from  interacting  rounds  failed  to  cause 
detonation  of  the  acceptors  located  across  the  gaps  (see  paragraph  d, 
below,  for  description  of  mass  focussing  problem) . 

d.  Pallet  Shielding.  While  reorienting,  with  appropriate 
spacing,  pallets  or  multipallet  units,  such  that  the  units  are  oriented 
nose-nose  and  base-base  significantly  reduces  the  chance  of  propagation 
of  detonation  in  one  direction,  clearly  it  does  nothing  to  reduce  prop¬ 
agation  in  the  other  two  normal  directions.  Shielding  techniques  were 
developed  to  address  this  issue. 
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Figure  6  -  Configuration  of  bombs  as  believed  to  have  participated 
in  Roseville,  California,  explosion  in  1973. 
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When  more  than  one  munition  in  a  closely  packed  array  is  allowed  to 
participate  in  the  explosion  of  the  donor  charge,  all  the  mechanisms  of 
communication  associated  with  single  munitions  are  present,  but  an  addi¬ 
tional,  severe  problem  arises:  the  simultaneous,  or  near-simultaneous, 
detonation  of  closely  packed  munitions  creates  a  high  velocity  focussed 
fragment  beam  in  the  symmetry  plane  between  the  munitions.  The  fragment 
velocities  of  this  beam  are  typically  of  the  order  of  twice  those  of 
fragments  from  a  single  munition.  Since  the  beam  is  collimated,  these 
fragment  beams  present  a  very  serious  threat  to  other  munitions,  even 
over  large  distances.  The  nature  of  the  mass  focussing  can  be  seen  in 
the  radiographs  in  Figure  7.  The  penetration  capability  of  this  focussed 
beam  is  about  a  factor  of  three  greater  than  that  of  fragments  from  the 
individual  munitions.  The  fragment  beam  resulting  from  simultaneous 
detonation  of  two  155  mm  shells  (TNT  loaded)  was  found  to  perforate  a 
10  cm  mild  steel  plate  located  30  cm  away  from  the  nearest  edge  of  the 
two  munitions. 

To  be  effective  for  multi-munition  donors,  a  shield  must  eliminate 
lethal  primary  fragments,  eliminate  the  mass  focussing  as  a  threat,  and 
not  serve  as  a  lethal  fragment  itself.  The  latter  consideration  drives 
attention  towards  frangible,  low  density  materials  and  away  from  steel 
(steel  plates  can  store  enough  energy  to  be  lethal  sources  of  initiation, 
especially  by  crushing) . 

Gypsum  board  was  chosen  as  a  shield  material  because  it  met  the 
above  requirements,  as  well  as  being  relatively  inexpensive,  and  readily 
available  commercially.  It  was  also  chosen  on  the  belief  that  if  suffi- 
cent  shock  energy  was  absorbed,  the  water  of  hydration  would  be  released 
as  steam  and  could  be  used  as  a  working  fluid.  However,  recent  experi¬ 
ments  do  not  support  this  hypothesis,  and  this  shielding  approach  relies 
solely  upon  the  areal  density  of  material  within  the  fragment  paths. 
Experiments  with  steel,  aluminum,  plaster,  and  water  shields  with  thicknesses 
adjusted  to  insure  the  same  areal  density,  showed  essentially  no  difference 
in  shield  effectiveness  in  eliminating  hazardous  fragments5.  Of  course, 
the  stronger  and  denser  materials,  such  as  steel,  should  be  avoided  because 
of  the  ease  with  which  they  deliver  energy  to  the  acceptor  munitions, 
leading  to  higher  delivered  pressures  and  greater  tendencies  for  detonation. 

The  effectiveness  of  this  shielding  approach  relies  strongly  upon 
proximity  of  the  shield  to  the  donor  munitions.  Separation  of  the  shield 
from  the  donor  projectiles  by  as  much  as  a  projectile  caliber  seriously 


5 Gibbons,  Gould,  Ballistic  Research  Laboratory,  private  communication. 


23 


24 


Figure  7  -  Radiograph  showing  mass  focussing  in  symmetry  plane 
between  two  simultaneously  detonated  pipe  bombs. 


degrades  shield  performance.  This  degradation  results,  at  least  partially, 
from  the  lack  of  structural  integrity  of  shields  -  which  lack  is  a  delib¬ 
erate  and  necessary  design  feature,  as  stated  above.  When  the  shields 
are  placed  away  from  donor  munitions,  the  loading  environment  essentially 
consists  of  many  individual  fragment  impacts.  Since  the  shields  have 
little  perforation  resistance,  it  cannot  efficiently  decrease  the  velocity 
of  the  fragments. 

This  shielding  approach  is  very  effective  against  primary  fragments 
and  against  the  fragment  beams.  Indeed,  using  the  gypsum-based  wall- 
board,  a  5  cm  (2  inch)  thick  shield  is  adequate  to  prevent  propagation, 
by  either  of  these  mechanisms,  between  units  of  TNT  filled  155  mm  shell. 

A  7.6  cm  (3  inch)  shield  is  required  for  the  more  powerful  composition-B 
filled  shell. 

The  shields  are  not  at  all  effective  in  preventing  propagation  from 
unit  to  unit  by  means  of  crushing,  and  adequate  spacing  must  be  main¬ 
tained  between  units.  As  can  immediately  be  ascertained  by  application 
of  replica  scaling  analysis,  the  spacing  required  is  a  function  of  the 
size  of  the  donor  unit,  with  larger  units  requiring  significantly  larger 
separations. 

It  is  extremely  important  that  adequate  spacing  be  maintained  to 
prevent  detonation  of  the  acceptor  as  a  result  of  crushing.  The  crushing 
mechanism  operates  more  slowly  than  does  the  projectile  impact  initiation, 
and  times  are  long  enough  for  the  shielding  on  the  acceptor  pallets  to 
deform  and  move  away  from  the  munitions.  To  be  effective,  the  shields 
must  be  in  contact  with  the  munitions.  Thus,  when  crushing  causes 
detonation  of  an  acceptor  unit,  the  shields  are  ineffectual,  and  all 
undetonated  nearest  neighbors  of  the  detonating  acceptor  unit  are  sub¬ 
jected  to  lethal  fragment  impacts. 

The  shield  concept  discussed  here  has  been  applied  successfully  to 
single  and  double  pallet  units.  It  is  most  efficiently  used  in  con¬ 
junction  with  reconfiguration  as  discussed  in  para  3c,  above.  Its  primary 
advantage  is  that  it  can  reduce  the  inhabited  building  distance  to  that 
for  the  explosive  contained  within  a  shielded  unit  -  a  single  pallet, 
for  example.  No  evidence  exists  to  indicate  that  the  fragment  hazards 
are  appreciably  affected  by  the  shielding,  although  there  presumably  is, 
at  least,  a  slight  improvement.  This  approach  has  several  disadvantages; 
the  additional  cost  of  the  shielding,  the  requirement  for  spacing  between 
units,  the  need  for  additional  blocking  and  bracing.  (These  latter 
factors  are  addressed  in  the  operational  impact  section.) 
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e.  Shields  as  Part  of  a  Specially  Designed  Car.  In  Task  2  of 
the  STROM  Program,  it  was  pointed  out  that  the  development  of  a  mass 
detonation  could  be  considered  to  consist  of  two  steps;  an  initial  event, 
which  involved  the  detonation  of  one  or  more  munitions,  and  a  second 
phase,  during  which  propagation  through  the  munition  array  occurs.  Fire 
was  established  to  be  the  principal  cause  of  explosions  of  munitions 
during  rail  transport.  A  significant  level  of  effort  was  conducted 
under  STROM  Tasks  7,  8,  and  9  to  address  ways  in  which  serious  fires 
could  be  eliminated  or  their  frequency  reduced  and  a  special  design 
car  was  developed  under  Task  8.  As  part  of  a  special  design  car,  it 
may  be  possible  to  include  a  shield  which  will  limit  the  extent  of  an 
explosion  to  one  car  given  that  initiation  occurs.  To  be  effective, 
such  buffering  must  defeat  all  prompt  inter-car  propagation  mechanisms. 
Thus,  the  buffer  must  be  designed  to  prevent  transmission  of  lethal 
fragments  from  the  donor  car  to  munitions  within  the  neighboring  cars, 
must  prevent  delivery  of  strong  shock  waves  which  could  cause  classical 
shock  initiation,  and  must  prevent  rapid  crushing  of  the  munitions  within 
neighboring  railcars.  These  requirements  constrain  the  materials  and 
engineering  approaches  which  are  technically  feasible. 

It  is  relatively  easy  to  generate  designs  which  will  stop,  or  slow 
primary  fragments  from  individual  munitions  to  the  point  where  the  frag¬ 
ments  are  no  longer  lethal.  Sophisticated  and  esoteric  body  armors  can 
be  used,  although  quite  expensive,  or  even  mild  steel  plates  can  be  used, 
with  required  thicknesses  seldom  in  excess  of  the  thicknesses  of  the  war¬ 
head  casing  providing  the  fragment  threat.  However,  implied  in  this 
buffering  approach  is  the  fact  that  a  large  number  (perhaps  all)  of  the 
munitions  within  a  railcar  will  participate  in  the  initial  explosion. 

When  multiple  munitions  detonate  simultaneously  or  near  simultaneously, 
the  fragmentation  threat  is  markedly  enhanced.  Thus,  tests  conducted 
under  Task  10  demonstrated  that  the  fragmentation  resulting  from  simul¬ 
taneous  detonation  of  two  contiguous  155  mm  shell  (composition-B  or  TNT 
filled)  creates  a  fragment  field  in  the  symmetry  plane  between  the  two 
munitions  sufficient  to  perforate  approximately  10  cm  of  mild  steel, 
when  the  steel  plate  is  approximately  25  cm  from  the  skin  of  the  munitions. 
Experiments  with  50  mm  diameter  steel  pipe  bombs  demonstrated  that  the 
perforation  capability  roughly  scales  linearly  with  the  diameter  of  the 
donor  projectiles,  so  even  thicker  steel  barriers  would  be  required  for 
larger  munitions.  For  example,  the  thickness  of  mild  steel  necessary 
to  stop  the  synergistic  fragmentation  in  the  symmetry  plane  resulting 
from  the  detonation  of  two  500  lb  MK  82  bombs  is  estimated  to  be  approxi¬ 
mately  20  cm.  At  a  nominal  density  of  7.8  g/cc,  this  translates  to  a 
mild  steel  shield  weight  of  approximately  5800  kg  (12,760  lb).  With  a 
shield  at  each  end  of  the  car,  this  imposes  a  weight  burden  of  11,600  kg 
or  25,500  lb.  This  weight  could  be  reduced  considerably  (perhaps  as 
much  as  30  percent)  by  permitting  the  fragments  to  have  a  significant 
residual  velocity.  While  this  weight  of  steel  might  be  operationally 
acceptable,  an  additional  technical  problem  exists.  High  density 
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monolithic  shields  are  to  be  avoided  because  they  are  very  effective 
transmitters  of  energy  and  momentum.  Unless  they  are. placed  at  signifi¬ 
cant  distances  from  the  detonating  stores,  the  steel  plates  themselves 
become  massive,  highly  lethal  projectiles  which  can  be  expected  to  cause 
crushing  and  detonation  of  neighboring  stores.  An  example  of  just  this 
happenstance  has  been  reported  for  concrete  fragments6.  Thus,  to  prevent 
this  latter  mechanism  of  initiation  from  occurring,  buffers  must  be 
lightweight  or  frangible,  so  that  the  total  impulse  is  spread  out  in 
time  sufficiently  to  prevent  the  peak  pressure  delivered  to  the  acceptor 
munitions  from  exceeding  the  yield  strength  of  the  munitions.  Thus, 
attention  was  given  to  materials  such  as  glass,  water,  and  sand.  Water 
was  chosen  in  preference  to  glass  or  sand,  because  of  its  cost,  availability 
and  with  the  hope  that  it  might  provide  some  inhibition  for  propagation 
of  fires,  as  well. 

A  test  was  conducted  at  NWC,  China  Lake,  to  demonstrate  the  feasibility 
of  using  1  foot  water  tanks  at  the  ends  of  a  railcar  to  prevent  the  ini¬ 
tiation  of  a  second  car.  The  test  used  a  salvaged  railcar,  cut  in  two  and 
placed  end-to-end  with  floors  4  feet  above  the  ground.  Car  ends  were  fitted 
with  1  by  8  by  10  foot  water  tanks.  Six  pallets  of  MK  82/H-6  bombs  without 
fuzes  or  boosters  were  placed  in  each  half-car,  oriented  nose  to  end-wall. 
Thirty-six  bombs  in  the  donor  boxcar  were  end  initiated  as  recommended  by 
the  Ballistic  Research  Laboratory  (BRL) .  This  means  of  initiation  is  con¬ 
trary  to  that  experienced  in  actual  cook  off  tests  that  resulted  in  deto¬ 
nation^)  ,  and  provides  a  "worst  case"  situation. 

The  test  involved  72  MK  82/H-6  standard  Navy  loads.  At  195  pounds 
of  H-6  per  bomb,  a  total  of  14,040  pounds  of  explosives  were  exposed  in 
the  test.  It  was  anticipated  that  all  of  the  36  bombs  in  the  donor  car 
would  detonate  and  that  none  of  the  acceptor  car  bombs  would  be  initiated, 
giving  an  explosive  load  of  7,020  pounds  of  H-6  with  a  TNT  equivalence  of 
130  or  9,130  pounds  TNT. 

The  post-test  results  showed  that  the  acceptor  boxcar  was  initiated 
at  least  in  part.  The  overhead  post- test  examination  of  the  area  showed 
two  distinct  craters  for  the  donor  and  acceptor  boxcar  halves.  The 
donor  crater  is  about  three  times  the  size  of  the  acceptor  crater.  Several 
bomb  cases  were  found  which  originated  from  the  acceptor  boxcar,  indicating 
that  some  bombs  only  exploded  instead  of  detonating.  Apparently,  the 
water  tanks  almost  stopped  the  communication  between  the  boxcars.  This 
was  indicated  by  the  fact  that  the  acceptor  crater  was  about  one-third  the 
size  of  the  donor  crater.  Therefore,  it  appears  technically  feasible,  at 
least  for  bombs,  to  prevent  car  to  car  propagation  of  detonation  by  use 
of  water  tqnks. 


&Rindner,  R.  and  For s ten,  I,  "Safety  Design  Considerations  in  Munition 
Plants  Layout ,"  ACS  Symposium  Series,  No.  96  (1979). 


27 


Limiting  the  detonation  to  a  single  carload  of  MK  82  bombs  would 
establish  a  hazardous  blast  distance  for  inhabited  structures  of  1500  feet 
(based  upon  a  50  foot  6  inch  carload  of  45  unit  loads  with  six  bombs  per 
unit7’8).  The  safe  distance  for  fragments  in  this  instance  is  1240  feet8. 
Thus,  reduction  of  the  size  of  the  event  to  one  carload  reduces  the  blast 
radius  for  inhabited  buildings  almost  to  the  fragment  radius.  Further 
reduction  of  the  blast  radius  would  not  reduce  the  fragment  radius  but 
would,  of  course,  reduce  the  total  risk  to  buildings  and  inhabitants. 

It  is  not  valid  to  apply  this  approach  directly  to  other  munitions 
systems,  without  careful  analysis  and  test  data  for  verification.  The 
fact  that  the  acceptor  carload  reacted,  in  the  test  described  above, 
indicates  that  crushing  was  sufficiently  severe  to  cause  bomb  reaction. 

Other  munitions  -  such  as  155  mm  shell  and  other  composition-B  or  TNT 
filled  munitions  --  which  are  more  sensitive  to  crushing  environments 
would  have  a  high  probability  of  detonating.  The  detonation  of  one  muni¬ 
tion  makes  highly  probable  detonation  of  others  within  the  array.  The  end 
of  the  car  shield  approach  must  therefore  be  considered  as  specific  to 
MK  80  series  bombs,  and  cannot,  without  further  testing/analysis  be  applied 
to  all  mass  detonable  stores.  For  this  type  of  shielding  approach,  however, 
additional  spacing  between  donor  and  acceptor  cars  would  markedly  decrease 
the  severity  of  the  transmitted  loading.  In  principle,  combinations  of 
spacing  and  end  of  car  water  tanks  could  be  defined  for  all  common  types 
of  mass  detonable  munitions. 

2 .  Operational  Feasibility. 

a.  Introductory  Comments.  A  variety  of  techniques  has  been  con¬ 
sidered  for  effectiveness  in  limiting  the  size  of  an  explosion.  Each  of 
these  techniques  was  pursued  until  technical  feasibility  could  be  assessed. 
Several  of  the  techniques  are  feasible  alone,  some  work  best  when  combined 
with  others.  The  following  combinations  of  approaches  provide  a  sequence 
ordered  according  to  increasing  explosion  size: 

(1)  Shielding,  spacing,  reconfiguration  (for  small  units  of 
projectiles,  e.g.,  2-,  4-,  8-pallet  units). 

(2)  Spacing,  reconfiguration  (for  large  units  of  projectiles, 
e.g.,  8-pallet  units  aboard  railcars,  where  side  to  side  propagation  is 

not  a  potential  problem) . 

(3)  Spacing,  reconfiguration,  nose  plugs  (for  the  MK  80 
series  of  bombs) . 

(4)  Spacing,  end  shields  (for  carloads  of  projectiles  and 

bombs) . 


7WR52/100,  p  26,  Naval  Ordnance  Systems  Command. 

8AMCR  385-100  (1977). 
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The  outgassing  approach,  although  potentially  yery  useful,  cannot 
be  applied  to  munitions  already  in  the  inventory  and,  hence,  is  not  dis¬ 
cussed  further.  Likewise,  the  specially  designed  pallet  was  found,  very 
early  in  this  study,  to  have  very  high  expected  material  costs,  and  was 
discarded  from  further  consideration. 

From  the  collection  of  approaches  discussed  in  the  previous  section, 
a  set  of  specific  options  was  chosen  for  assessment  of  operational  feasi¬ 
bility,  and  to  permit  cost-benefit  trade-offs.  The  following  alternatives 
were  analyzed. 

•  16-round  shielded  155  mm  SLP  pallet. 

•  32-round  shielded  155  mm  SLP  pallet. 

•  64-round  unshielded  155  mm  SLP  pallet. 

•  End-of-car  water  tanks. 

Each  of  these  options  will  be  compared  with  the  status  quo;  i.e,  the 
present  method  of  shipping  ammunition. 

The  operational  feasibility  of  employing  the  various  alternatives 
encompasses  five  areas  of  consideration: 

•  Regulatory  considerations. 

•  Operational  considerations. 

•  Carrier  considerations. 

•  Manpower  considerations. 

•  Cost-benefit  considerations. 

b .  Regulatory/Procedural  Considerations . 

(1)  16  and  32-Round  Shielded  and  64-Round  Unshielded  Pallets. 
Due  to  the  spacing  requirement  of  these  ammunition  shipping  configurations, 
adoption  of  any  of  these  options  in  boxcars  or  intermodal  containers  would 
require  appropriate  blocking  and  bracing  diagrams.  These  drawings  would 
have  to  be  designed,  rail  impact  tested,  and  subsequently  included  in  the 
Association  of  American  Railroads  (AAR)  Bureau  of  Explosives  Pamphlet  Nos. 

6  and  6A. 

(2)  End-Of-Car  Water  Tank  Blast  Shields.  A  mandatory  re¬ 
quirement  for  these  shields  in  each  end  of  a  railcar  transporting  Class  A 
munitions  would  require  an  addition  to  Title  49  of  the  Code  of  Federal 
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Regulation  (49  CFR) .  The  specific  change  to  49  CFR  would  be  in  the  form 
of  the  addition  of  subparagraph  (p)  to  paragraph  174.101.  Subparagraph 
(p)  would  read: 

"The  shipper  of  Class  A  explosives  must  procure,  place,  and  fill 
water  tank  blast  shields  in  each  end  of  the  rail  car.  These  tanks  must 
be  9  feet  wide  by  8  feet  high  by  1  foot  deep  and  constructed  of  welded 
1/4-inch  steel  plate." 

A  similar  modification  to  the  Military  Traffic  Management  Regulation 
(NTMR)  would  be  required.  The  logistics  management  of  these  water  tanks 
should  be  accomplished  by  the  DARCOM  Joint  Container  Control  Office  (JCCO) 
in  accordance  with  AR  55- 1. 

c.  Operational  Considerations. 

(1)  16  and  32-Round  Shielded  and  64-Round  Unshielded  Pallets. 

These  units  employ  interpallet  spacing  and  suppressive  shielding  to  prevent 
interpallet  propagation  of  155  mm  separate  loading  projectiles  (SLP) .  The 
shielding  medium  is  a  3-inch  thick  sandwich  comprised  of  a  1/4-inch  thick¬ 
ness  of  pressed  hardboard  (Masonite),  4  thicknesses  of  5/8-inch  gypsum 
(wallboard),  and  a  second  layer  of  1/4-inch  pressed  hardboard.  (See 
Figure  8.) 


(a)  The  16-round  shielded  pallet  consists  of  two  conven¬ 
tional  8-round  155  mm  SLP  pallets  laid  horizontally  and  then  stacked 
vertically.  The  shielding  material  is  then  applied  to  the  bottom,  top,  and 
two  sides  of  this  16-round  bundle.  The  projectile  nose  and  base  ends  of  the 
pallet  are  not  shielded.  The  pallet  is  completed  by  the  application  of 
skids  to  allow  forklift  truck  access.  The  16- round  pallet  is  the  only 
shielded  option  considered  for  transport  in  the  20-foot  intermodal  container 
and  therefore  aboard  a  container  ship.  Eighteen  of  these  units,  spaced  for 
minimum  probability  of  interpallet  propagation,  can  be  transported  per 
20-foot  container.  (See  Figure  9.)  This  container  capacity  is  somewhat 
less  than  the  conventional  outloading  method  of  42  eight-round  pallets. 

In  a  50  foot  6  inch  rail  box  car,  54  shielded  16-round  pallets  can  be 
accommodated.  Note  that  laterally  adjacent  pallets  are  staggered  by  half 
of  their  longitudinal  dimension  to  enhance  survivability.  This  staggering 
and  all  spacing  are  maintained  by  the  installation  of  wooden  blocking  and 
bracing  or  dunnage.  Since  the  shielded  pallets  and  the  transportation 
spacing  patterns  associated  with  them  allow  fewer  rounds  to  be  transported 
per  transportation  vehicle,  certain  economic  penalties  are  encountered. 
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Figure  $  -  The  shielded  16  round  unit,  as  used  in  STROM  tests. 
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Figure  9  -  Sixteen  round  shielded  units  configured  in  standard  20  foot  mi  Ivan  container. 


These  added  costs*  will  be  presented  with  conventional  costs  so  that 
comparisions  can  be  made. 

[1]  Container  Leasing  Charges.  When  shipped  in  the  conventional 
unshielded  method,  336  155  mm  SLP  can  be  transported  in  one  20-foot  intermodal 
container.  This  capacity  is  predicated  upon  42  eight-round  pallets  utilizing 
the  wood  dunnage  restraint  system  in  a  commercial  container.  Table  I 
describes  estimated  container  leasing  costs  when  the  conventional  method 

is  employed.  Table  II  shows  that  container  leasing  charges  increase  when 
the  shielded  pallet  system  is  used.  SLP  capacity  is  limited  to  288  rounds 
based  on  18  shielded  pallets  of  16  rounds  each. 

[2]  Rail  Transportation  Costs. 

[a]  Breakbulk .  Rail  transportation  charges  will  increase 
using  the  shielded  pallets.  This  increase  is  due  primarily  to  the  extra 
shipping  weight  of  the  shielding  material  and  the  increased  dunnage.  The 
increased  number  of  boxcars  required  has  little  effect  since  charges  are 
based  on  weight  shipped  rather  than  number  of  cars.  Table  III  details  pro¬ 
jected  rail  breakbulk  transportation  charges  for  the  conventional  method 
of  shipping  155  mm  SLP  in  unshielded  8-round  pallets.  Table  IV  lists  these 
costs  for  the  proposed  16-round  shielded  pallet. 

*  For  the  purposes  of  the  following  cost  analyses,  the  assumptions  listed 
below  were  made. 

1.  Shielded  pallets  have  been  designed  for  155  mm  SLP  only. 

2.  ARRCOM  ammunition  shipments  and  DESCOM  ammunition  receipts  will 
utilize  shielded  pallets. 

3.  85%  of  all  ammunition  shipped  is  by  rail. 

4.  12,000  short  tons  of  ammunition  will  be  shipped  in  containers  by 
rail  annually. 

5.  Car  unloading  cost  is  not  affected  by  shielded  pallets.  Even  though 
37%  more  boxcars  are  required  to  transport  the  shielded  units,  and  a  corre¬ 
sponding  extra  amount  is  unloaded,  unloading  costs  will  not  be  increased. 
Unlike  loading,  unloading  is  not  a  strict  function  of  dunnage,  and  the  16- 
round  shielded  pallet  can  be  unloaded  quicker  than  individual  8-round  pallets 
in  the  break  bulk  rail  shipping  mode. 

6.  Container  stuffing  times  are  not  increased  by  the  shielded  pallets. 

Even  though  14%  or  six  fewer  8-round  pallets  are  loaded  per  container  when 
the  shielded  pallet  is  used,  the  resulting  additional  dunnage  requirement 
cancels  this  reduced  loading  advantage. 

7.  Economic  analyses  will  be  based  on  FY  81-85  since  ammunition  shipping 
projections  have  been  provided  for  those  years. 
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average  lease  interval  of  79  days. 


CONTAINER  LEASING  CHARGE 
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Explosives,  and  Ordnance  Between  Points  in  ICC  Docket  28-300  Territory."  Inflated 
10%  per  annum. 


[b]  Containerized.  Rail  transportation  costs  for  the  155  mm 
SLP  portion  of  the  12,000-ton  annual  containerized  projection  should  also 
be  compared  for  the  shielded  and  unshielded  shipment  methods.  Table  5 
indicates  that  from  52  to  27  containers  are  required  to  handle  the  annual 
155  mm  SLP  throughput  with  the  conventional  outloading  configuration.  The 
155  mm  SLP  portion  of  total  ammunition  shipments  averages  4.46  percent 
according  to  ARRCOM  projections.  Table  6  indicates  that  from  60  to  31 
containers  are  needed  to  transport  the  same  quantity  of  155  mm  SLP  when 
16-round  shielded  pallets  are  employed. 

[3]  Demurrage  Charges.  Demurrage  is  a  charge  billed  by  the 
railroad  carrier  for  railcars  which  are  kept  by  the  shipper  or  receiver 
for  what  are  considered  unnecessarily  long  periods  of  time.  By  necessi¬ 
tating  more  cars  to  ship  the  same  amount  of  ammunition,  the  shielded  pallet 
system  would  logically  subject  more  cars  to  this  charge.  Past  demurrage 
charges  per  car  shipped  were  calculated,  and  these  charges  are  applied  to 
the  increased  number  of  cars  required.  Tables  7  and  8  depict  demurrage 
charges  incurred  with  the  conventional  155  mm  SLP  shipping  method  for  rail 
breakbulk  and  containerized  shipping  respectively.  Tables  9  and  10 
display  these  estimated  demurrage  costs  for  the  breakbulk  and  containerized 
transport  of  155  mm  SLP  in  16-round  shielded  pallets.  Twenty-foot  containers 
are  shipped  three  or  four  to  an  89-foot  TTX  flatcar,  depending  if  the  con¬ 
tainers  are  trailer-mounted. 

(b)  The  32-round  shielded  pallet  consists  of  four  conventional 
8-round  155  mm  SLP  pallets  laid  horizontally  and  then  stacked  vertically. 

The  shielding  material  is  applied  to  the  top,  bottom,  and  two  sides  of 
this  32-round  bundle.  Twenty-seven  of  these  32-round  shielded  pallets 
can  be  shipped  in  a  50  foot  6  inch  boxcar,  as  is  shown  in  Figure  10. 


Rail  transportation  and  demurrage  costs  have  an  operational  impact  on  the 
evaluation  of  this  shielded  pallet  option. 

[1]  Rail  Transportation  Costs.  Rail  breakbulk  transportation 
charges  for  the  32-round  shielded  155  mm  SLP  pallet  are  lower  in  comparison 
to  those  costs  for  the  16-round  version.  This  reduction  is  due  primarily 
to  an  approximate  25  percent  reduction  in  the  amount  of  shielding  required 
per  round.  In  addition,  less  dunnage  is  required  since  the  lading  has  a 
lower  profile.  Finally,  less  handling  is  required  since  each  unit  handled 
contains  twice  as  many  SLP.  Table  11  summarizes  32-round  shielded  pallet 
transportation  changes  for  the  FY  81  through  FY  85  timeframe. 

[2]  Demurrage  Charges.  Demurrage  charges  resulting  from  shipping 
155  mm  SLP  in  32-round  shielded  pallets  are  similar  to  those  for  the 
16-round  pallet.  The  only  departure  from  this  similarity  is  that  all 
32-round  pallets  would  be  shipped  by  rail  breakbulk,  whereas,  12,000  tons 
of  the  16-round  shielded  palletized  155  mm  SLP  would  be  containerized. 

Table  12  lists  these  demurrage  costs. 
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ammunition  and  supplied  by  MTMC-Eastern  Area,  Bayonne,  N.J. 
per  annum. 
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Based  on  1978  and  1979  averages  obtained  from  The  Report  of  Rail  Demurrage  for 
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and  supplied  by  MTMC-Eastern  Area,  Bayonne,  NJ.  Inflated  at  10%  per  annum. 
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10%  per  annum 


TABLE  XII 


UJ 

CD 

o 

co 

co 

<  CO 

l n 

cn 

co 

CO 

CO 

— J  Cd  UJ 

to 

i — 

LO 

o 

CO 

co 

<  or  cd 

n 

d  D  cr: 

co 

co 

r— 

to 

to 

O 

LO 

LO 

CO 

ZUI 

<  o  o 

-bo 

C\J 

CO 

oo 

UJ 

CD 

cc 

<c 

1 — 

m 

UJ 

o 

— J 

UJ  * 

— J 

CD  * 

UJ 

< 

u<cr 

CO 

r\ 

to 

CD 

Q_ 

cd  cl:  < 

cn 

co 

oo 

< 

<o:o 

c 

• 

• 

• 

• 

or 

O 

CC  ID 

LO 

co 

C\l 

r^ 

oc. 

UJ 

uj  21  cl: 

CO 

co 

LO 

id 

Q 

>  UJ  UJ 

CO 

s: 

_J 

<on 

UJ 

UJ 

Q 

t — 1 

IC 

CO 

_J 

ID 

Q 

i 

CO 

z: 

ID 

o 

< 

oc 

UJ 

\ 

Cxi 

oo 

CO 

co 

< 

cc 


* 
Q 
CO  UJ 

u_  a:  or 
o  <  *-. 
o  => 
•  X  cr 

O  O  UJ 

zcqq: 


CM 

, — 

O 

co 

to 

CO 

i — 

o 

co 

co 

CM 

CM 

cn 

o 

o 

1 — 

• — 

r~ 

I — 

CD 


-Q 

<TJ 


to 

o 

cj 

cn 

c 


x> 

ra 

o 


47 


Based  on  1978  and  1979  averages  obtained  from  The  Report  of  Rail  Demurrage  for 
ammunition  and  supplied  by  MTMC-Eastern  Area,  Bayonne,  NJ.  Inflated  at  10%  per  annum. 


(3)  The  64-round  unshielded  pallet  utilizes  spacing  as  the 
interpallet  propagation  deterrent.  This  spacing  is  shown  in  Figure  11. 

This  pallet  configuration  is  actually  two  adjacent  32-round  bundles  which 
would  be  placed  separately  in  the  boxcar.  This  separation  is  necessary 
since  most  forklift  equipment  would  be  incapable  of  handling  the  combined 
6,400-lb  plus  load.  As  was  the  case  with  the  32-round  shielded  pallet, 
rail  transportation  and  demurrage  costs  are  operationally  interesting. 

[1]  Rail  Transportation  Cost.  This  cost  is  further  limited 
since  it  is  not  necessary  to  pay  the  cost  of  transporting  the  heavy 
shielding  and  less  dunnage  material  is  required.  Table  13  outlines  the 
annual  rail  transportation  charges  for  the  64-round  unshielded  pallet. 

[2]  Demurrage  Charges.  Demurrage  costs  necessitated  by  the 
64-round  unshielded  155  mm  SLP  pallet  are  only  slightly  higher  than  those 
for  the  32-round  shielded  pallet.  This  increase  is  due  to  a  few  more  cars 
required  since  the  per  car  capacity  of  the  64-round  unit  is  slightly  less. 
Comparison  of  Tables  12  and  14  illustrates  this  situation. 

(2)  End-Of-Car  Water  Tank  Blast  Shields.  This  intercar  prop¬ 
agation  prevention  device  was  developed  and  tested  by  NWC,  China  Lake. 

One  Government  owned  tank  would  be  placed  in  each  end  of  the  carrier's 
boxcar.  Each  tank  is  constructed  of  1/4- inch  steel  and  is  9  feet  wide  by 
8  feet  high  by  1  foot  deep  and  weighs  2,200  lb  empty  and  6,700  lb  loaded. 

It  is  therefore  placed  empty  in  the  car  and  filled  in  place.  Conversely, 
the  tanks  would  be  emptied  prior  to  unloading  of  the  tanks  at  the  destination. 
Approximately  3,600  tanks  would  be  required  during  the  first  5  years  after 
adoption  of  this  option.  Logistics  management  of  these  tanks  would  be 
assumed  by  the  Joint  Container  Control  Office  at  Tobyhanna  Army  Depot. 

This  control  would  be  accomplished  in  accordance  with  AR  55-1.  Unit  cost 
of  these  tanks  in  1980  is  approximately  $1,430  ($1,150  material  and  $280 
labor).  Cost  areas  that  have  an  operational  impact  include  water  tank 
procurement,  an  increase  in  the  cost  of  transporting  ammunition,  the  tank 
retroshipping  cost,  and  the  salvage  value  of  these  blast  shields. 

(a)  Water  Tank  Procurement.  The  total  number  of  water  tanks 
required  was  determined  by  applying  the  ARRCOM  ammunition  shipping  pro¬ 
jections  of  Class  A  ammunition  to  an  average  munition  car  fill  of  129,000 
lb  per  boxcar.  Table  15  summarizes  the  expenditures  necessary  to  build 
the  required  inventory  of  end-of-car  water  tank  blast  shields.  The  water 
tank  and  subsequent  cost  analyses  are  done  on  a  total  ammunition  basis 
since  they  apply  to  the  whole  spectrum  of  ammunition  items. 

(b)  Ammunition  Transportation  Cost.  This  cost  is  increased 
since  water  and  water  tanks  are  being  shipped  at  the  ammunition  rate. 

Table  16  details  the  derivation  of  the  increased  transportation  cost 
associated  with  adoption  of  the  end-of-car  water  tank  blast  shield 
system. 
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Explosives,  and  Ordnance  Between  Points  in  ICC  Docket  28-300  Territory."  Inflated 
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ammunition  and  supplied  by  MTMC-Eastern  Area,  Bayone,  N.J..  Inflated  at  10%  per  annum. 


WATER  TANK  PROCUREMENT 
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INCREASED  TRANSPORTATION  COST  (END-OF-CAR  WATER  TANKS) 
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increase  in  total  tonnage  shipped. 


(c)  Water  Tank  Retroshipping  Cost.  When  the  water  tank  blast 
shields  have  reached  their  destination,  they  must  then  be  returned  to  the 
ammunition  shippers  for  future  use.  When  an  ammunition  plant  or  depot 
receives  a  water  tank-shielded  boxcar,  it  simply  unloads  its  commodity 
and  reuses  the  same  car,  with  water  tanks  in  place,  to  ship  an  outgoing 
munitions  item.  At  the  end  of  the  CONUS  rail  transportation  network, 
usually  a  water  terminal  shipping  point,  the  water  tanks  would  be  removed 
from  the  ammunition  cars  and  marshalled  until  return  shipping  quantities 
are  generated.  Table  17  demonstrates  the  estimated  water  tank  retro- 
shipping  costs  for  the  5  year  projection  period. 

(d)  Water  Tank  Salvage  Value.  The  salvage  value  of  the  water 
tanks  at  the  end  of  the  project  is  another  operating  cost  (saving) 

that  must  be  considered.  In  Table  18  these  steel  tanks  are  costed  out  as 
scrap  iron  at  the  end  of  the  5  year  project  life. 

d.  Carrier  Considerations. 

(1)  The  railroads  will  have  to  supply  approximately  60  percent 
more  boxcars  under  the  16-round  shielded  pallet  concept.  This  increase  in 
car  utilization  is  due  to  a  decrease  in  per  car  ammunition  capacity  due  to 
the  volume  of  the  shielding  and  the  spacing  requirments.  The  32-round 
shielded  pallet  system  will  require  approximately  63  percent  more  boxcars, 
and  the  64-round  unshielded  configuration  will  require  69  percent  more 
cars.  According  to  the  Association  of  American  Railroads  (AAT) ,  over 
60,000  boxcars  certified  for  the  transport  of  ammunition  are  available. 
Since  the  present  ammunition  boxcar  requirement  totals  only  2,000  by 

FY  85,  the  boxcar  supply  appears  to  be  sufficient. 

(2)  The  end-of-car  water  tank  blast  shield  will  not  require  an 
appreciable  number  of  extra  ammunition-certified  boxcars. 

(3)  Adoption  of  any  of  the  above  intercar  explosion  propagation 
prevention  options  will  not  require  any  modification  to  carrier  equipment. 

e.  Manpower  Considerations. 

(1)  16  and  32-Round  Shielded  and  64-Round  Unshielded  Pallets. 

These  interpallet  propagation  prevention  schemes  require  increased  labor 
expenditures  in  the  areas  of  palletization  and  loading.  These  added  costs 
will  be  presented  with  the  costs  associated  with  the  conventional  155  mm 
SLP  outloading  method  so  that  cost  comparisons  of  the  two  methods  are 
possible. 


(a)  Palletization  Cost.  Manpower  requirements  associated  with 
this  cost  category  include  cutting  the  hardboard,  gypsum,  and  lumber 
shielding  materials  to  size  and  assembling  the  pallet.  Tables  19,  20, 
and  21  detail  the  unit  costs  for  the  conventional  8-round  155  mm  SLP 
pallet,  and  16  and  32-round  shielded  pallets,  and  the  64-round  unshielded 
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in  ICC  Docket  28-300  Territory.  The  Negotiation  Division  of  MTMC-IN  substantiated  the  10  percent 
inflation  factor  that  was  applied  to  this  rate. 
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8-ROUND  CONVENTIONAL  PALLET 
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From  the  Depot  Operations  Cost  and  Receiving  Report. 


TABLE  XX 


PALLETIZATION  COSTS/UNIT 
32-ROUND  SHIELDED  PALLET 


FY 

MATERIAL 

(INCLUDING  8-P.OUND  PALLETS)* 

LABOR** 

TOTAL 

81 

$103.11 

$41 .03 

$144.14 

82 

113.43 

43.91 

157.34 

83 

124.77 

46.98 

171.75 

84 

137.24 

50.27 

187.51 

85 

150.97 

53.79 

204.76 

*  From 

i 

Means  Co.,  Inc.,  Building  Construction 

Cost  Data-1980, 

38th  Annual  1 

**  From 

the  Depot  Operations  Cost  and  Receiving  Report. 
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TABLE  XXI 


PALLETIZATION  COSTS/UNIT 
64-ROUND  UNSHIELDED  PALLET 


FY 

MATERIAL 

(INCLUDING  8-ROUND  PALLETS)* 

LABOR** 

TOTAL 

81 

$122.52 

$30.10 

$152.62 

82 

134.77 

32.21 

166.93 

83 

148.25 

34.46 

182.71 

84 

163.07 

36.83 

199.90 

85 

179.38 

39.45 

218.83 

★ 

From  Means  Co.,  Inc.,  Building 

Construction  Cost  Data 

-1980,  38th 

Annual  Edition. 

From  the  Depot  Operations  Cost 

and 

Receiving  Report. 

Assume  1  man 

hour  per  pallet  pair. 
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pallets.  Table  22  shows  the  annual  quantities  of  conventional,  16,  and 
32-round  shielded  pallets,  and  64-round  unshielded  pallets  that  have  been 
projected. 

(b)  Loading  Costs. 

[1]  Breakbulk.  Boxcar  loading  costs  are  a  compilation  of 
dunnage  material,  dunnage  preparation  (fabrication),  and  carloading 
(ammunition  and  dunnage  placement  within  the  car) .  Table  24  illustrates 
these  costs  for  the  shipping  of  the  conventional  8-round  155  mm  SLP  pallet. 
The  spacing  requirement  of  the  16-round  shielded  pallet  car  loading  con¬ 
figuration  demands  an  enormous  amount  of  dunnage  (4,332  board  feet)  and 
hence,  dunnage  preparation  (76  man-hours).  The  results  of  these  cost 
factors  are  evident  in  Table  41,  the  16-round  shielded  155  mm  SLP  pallet 
boxcar  loading  cost  summary.  Tables  26  and  27  outline  the  loading  costs 
for  the  32-round  shielded  and  the  64-round  unshielded  155  mm  SLP  pallets 
respectively. 

[2]  Containerized.  Twenty-foot  container  loading  involves  the 
same  components  as  car  loading;  i.e.,  dunnage,  dunnage  preparation,  and 
load  and  dunnage  placement.  Table  28  documents  the  container  loading 
costs  for  conventional  8-round  pallets  of  155  mm  SLP.  Table  29  displays 
these  costs  for  the  16-round  shielded  version  of  this  pallet,  which  is 
the  only  shielded  pallet  or  spaced  outloading  configuration  that  has  been 
proposed  for  containerization. 

(2)  End-Of-Car  Water  Tank  Blast  Shields.  This  intercar  propagation 
prevention  option  requires  increased  manpower  costs  in  the  areas  of  water 
tank  handling,  filling  and  emptying,  logistic  control,  and  maintenance. 

(a)  Water  Tank  Handling  Cost.  Due  to  the  weight  of  these  blast 
shields  when  they  are  filled,  they  must  be  placed  in  the  boxcar  empty 
and  then  filled.  One  water  tank  is  required  in  each  end  of  the  car. 

Handling  operations  include  retrieval  of  the  tanks  from  storage,  installation 
and  removal  from  the  boxcar,  and  return  to  storage.  Table  30  is  a  tabu¬ 
lation  of  these  water  tank  blast  shield  handling  costs. 

(b)  Water  Tank  Emptying  and  Filling  Costs.  The  massive  weight 
of  the  filled  water  tanks  (6,700  lb)  dictates  that  they  be  handled  empty. 

This  situation  requires  that  the  tanks  be  both  filled  and  emptied  once 
per  complete  shipment.  Table  31  presents  these  filling  and  emptying 
costs . 


(c)  Water  Tank  Logistic  Control  Cost.  If  this  blast  shield 
option  is  pursued,  the  DARCOM  Joint  Container  Control  Office  (JCCO)  at 
Tobyhanna  Army  Depot  has  indicated  that  it  would  control  the  location 
and  movement  of  these  water  tanks  as  it  does  with  the  various  shipping 
containers  that  it  presently  administers.  The  computerized  control  of 
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TABLE  XXIII 


PALLETIZATION  COSTS 
(UNIT  COSTS  X  REQUIREMENTS) 


FY 

8-ROUND 

PALLETS 

1 6- ROUND 
SHIELDED 
PALLETS 

32-ROUND 

SHIELDED 

PALLETS 

64-ROUND 

UNSHIELDED 

PALLETS 

81 

$  2,039,396 

$  6,192,640 

$  4,793,808 

$  2,537,918 

82 

2,1  94,287 

6,637,130 

5,143,759 

2,729,455 

83 

1  ,787,326 

5,381  ,858 

4,175,414 

2,220,840 

84 

2,352,390 

7,054,832 

5,480,730 

2,921 ,539 

85 

2,585,623 

7,724,085 

6,005,406 

3,208,923 

TOTAL 

$10,959,022 

$32,990,546 

$25,599,117 

$13,618,675 
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at  7%/year  and  dunnage  material  (284  BF)  inflated  at  10%/year. 


TABLE  XXV 


LOADING  COSTS 

(BREAK  BULK) 

-  16  rd  SHIELDED  PALLET 

155mm  SLP 

NO.  OF 

SHIELDED 

ANNUAL 

SHIPPING 

BOXCARS 

PALLET  LOADING 

LOADING 

FY 

TONNAGE* 

REQUIRED** 

COST/BOXCAR*** 

COSTS 

31 

52,354 

1 ,212 

$5,219 

$  6,325,428 

82 

51 ,644 

1 ,195 

5,628 

6,725,460 

83 

38,454 

890 

6,073 

5,404,873 

84 

46,293 

l',072 

6,553 

7,024,300 

85 

46,480 

1 ,076 

7,072 

7,609,033 

TOTAL 

$33,089,094 

* 

ARRCOM  Impact  Memo  projection 

less  containerized  shipments. 

★★ 

Based  on  54  16- 

•round  pallets 

weighing  43.2  tons  per 

50'6"  boxcar 

Includes  dunnage  preparation 

(47  M-H)  and  car  loading 

(76  M-H) 

inflated  at  7%/year  and  dunnage  material  (4332  BF)  inflated  at  10%/year. 
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labor  charge  is  projected  form  the  Depot  Operation  Cost  and  Performance  Report. 


TABLE  XXXI 


WATER  TANK  FILLING  AND  EMPTYING  COSTS 


NO.  OF  TANKS 

LABOR 

ANNUAL 

FILLED  AND 

COST  PER 

FILLING  AND 

EMPTIED* 

TANK  ** 

EMPTYING  COSTS 

FY  81 

19,816 

$5.02 

$  99,476 

82 

25,844 

5.37 

138,782 

83 

28,916 

5.74 

165,978 

84 

32,564 

6.15 

200,269 

85 

35,026 

6.58 

230,471 

*  From  Handling  Cost  Table 

/ 

**  Estimated  at  10  man-minutes  per  tank  to  include  connecting  and  removing  water 
and  drain  hoses,  spotting  car  at  drainage  site,  and  opening  and  closing  water 
tank  bottom  drain  valve. 
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these  tanks  would  require  the  addition  of  one  clerical  person  to  the 
JCCO  staff  at  the  cost  indicated  in  Table  32.  This  position  would  be 
responsible  for  inputing  location  and  movement  data  as  well  as  preparing 
an  annual  report  on  the  system. 

(d)  Water  Tank  Maintenance.  During  the  projected  5  year  life 
of  the  water  tank  blast  shields,,  maintenance  would  be  primarily  in  the 
form  of  the  repair  of  leaks.  Table  33  details  these  costs. 

f.  Cost  Considerations. 

(1)  Each  of  the  intercar  explosion  propagation  prevention  options 
discussed  in  the  Operational  and  Manpower  Considerations  sections  above 

was  economically  analyzed  from  those  two  viewpoints.  The  costs  that  were 
generated  by  this  process  were  then  subjected  to  the  present-value  analyses. 
For  the  conventional  8-round,  the  16  and  32-round  shielded,  and  the  64- 
round  unshielded  155  mm  SLP  pallets  the  results  of  these  analyses  are 
tabulated  in  Table  34.  The  present  worth  figure  brings  total  life-of- 
project  costs  back  to  their  value  at  the  beginning  of  the  project.  These 
estimates  represent  the  relative  expenses  that  would  be  incurred  if  the 
individual  ammunition  transportation  options  were  adopted. 

(2)  In  order  to  compare  the  seven  alternatives  considered  in  this 
subtask,  each  option  must  be  formulated  to  apply  to  the  same  parameters. 

The  four  systems  of  Table  34  are  based  only  on  the  155  mm  SLP  portion, 
while  the  remaining  three  options  were  evaluated  on  a  basis  of  the  total 
DOD  ammunition  family.  Multiplying  the  latter  three  alternatives  by 

.0446  (the  proportion  by  weight  of  the  155  mm  SLP  portion  of  the  inventory) 
effectively  applies  all  seven  systems  to  155  mm  SLP  only.  The  economic 
analysis  summary  of  Table  35  was  performed  on  an  incremental  basis  with 
the  status  quo  option  (conventional  8-round  pallets)  given  a  cost  of  zero. 

The  other  options  are  listed  with  the  increased  cost  over  present  operations. 

g.  Procedures  for  Logistic  Control. 

(1)  The  end-of-car  water  tank  blast  shield  is  the  only  intercar 
buffer  system  considered  which  would  require  logistic  control.  If  this 
blast  shield  option  is  pursued,  the  DARCOM  Joint  Container  Control  Office 
(JCCO)  at  Tobyhanna  Army  Depot  has  indicated  that  it  would  control  the 
location  and  movement  of  these  water  tanks  as  it  does  with  the  various 
shipping  containers  that  it  presently  administers9.  The  computerized 
control  of  these  tanks  would  require  the  addition  of  one  clerical  person 
to  the  JCCO  staff  at  the  cost  indicated  in  Table  32.  This  position  would 
be  responsible  for  inputing  location  and  movement  data  as  well  as  preparing 
an  annual  report  on  the  system. 


9 FONECON  between  J.  Kenna  CDACS)  and  Edward  McDonough ,  DARCOM ,  JCCO , 
Tobyhanna  Army  Depots  PA>  February  1980 . 
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TABLE  XXXV 


ECONOMIC  ANALYSIS  SUMMARY 


EQUIVALENT  ANNUAL  COST  (EAC) 

ALTERNATIVE  APPLICABLE  TO  155mm  SLP  SHIPMENTS 


A. 

STATUS  QUO 

0 

B* 

16-ROUND  SHIELDED  PALLET 

$12,543,443 

C* 

32-ROUND  SHIELDED  PALLET 

6,322,409 

D* 

64-ROUND  UNSHIELDED  PALLET 

3,238,534 

E. 

END-OF-CAR  WATER  TANKS 

956,470 

155mm  SLP  (4.46%  of  ammo  shipments  by  weight)  was  the  basis  of  these 
analyses.  The  EAC 1 s  for  the  remaining  alternatives  were  therefore 
multiplied  by  this  factor  to  accomodate  a  comparison  between  systems. 
Since  this  is  an  incremental  cost  analysis,  each  EAC  represents  the 
extra  costs  necessitated  by  that  system  over  and  above  the  status  quo. 
True  total  ammunition  system  incremental  costs  can  be  approximated  by 
dividing  each  of  the  above  EAC's  by  .0446. 
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(2)  Item  Description.  The  end-of-car  water  tank  intercar  pro¬ 
pagation  prevention  device  was  developed  and  tested  by  NWC,  China  Lake. 

One  Government  owned  tank  would  be  placed  in  each  end  of  the  carrier's 
boxcar.  Each  tank  is  constructed  of  1/4-inch  steel  and  is  9  fee  wide  by 
8  feet  high  by  1  foot  deep  and  weights,  2,200  lb  empty  and  6,700  lb  loaded. 
Approximately  3,600  tanks  would  be  required  during  the  first  5  years  after 
adoption  of  this  option.  Logistics  management  of  these  tanks  would  be 
assumed  by  the  JCCO9.  This  control  would  be  accomplished  in  accordance 
with  AR  55-1.  NWC,  China  Lake,  has  subjected  the  water  tanks  to  explosive 
testing. 


(3)  Method  of  Installation.  Due  to  the  6,700  lb  filled  weight 
of  each  water  tank,  the  water  tanks  are  placed  empty  in  the  car  and 
filled  in  place.  Conversely,  the  tanks  would  be  emptied  prior  to  unloading 
of  the  tanks  at  the  destination. 

(a)  Skill  Level  Required.  The  empty  water  tanks  are  placed  in 
each  end  of  the  boxcar  with  a  fork  lift  truck.  This  material  handling 
equipment  is  operated  by  a  wage  grade  fork  lift  operator.  The  tanks  are 
filled  and  emptied  with  a  water  hose  by  a  wage  grade  warehouseman  at 
ammunition  depots  and  his  counterparts  at  ammunition  plants  and  water 
terminal  facilities. 

(b)  Checks/Tests  Required  Prior  to  Operation.  No  tests  are  re¬ 
quired.  Water  tank  leaks,  when  present,  will  be  apparent  during  the  filling 
process.  Filling  and  leak  testing  in  a  nonfunctional  service  environment 
would  be  counter-productive.  Leak  detection  during  actual  filling  would 
not  be  overly  costly  in  terms  of  manpower  since  the  ammunition  lading 
would  not  yet  be  loaded. 

(c)  Estimated  Time  Required.  Table  30  is  based  on  an  estimated 
40  man-minutes  to  retrieve  each  tank  from  storage,  install  it,  remove  it 
as  its  destination,  and  return  it  to  storage.  This  table  also  lists  the 
total  handling  costs  based  on  the  hourly  labor  rate  projected  from  the 
Depot  Operation  Cost  and  Performance  Report  and  inflated  at  7  percent  per 
annum.  Water  tank  filling  and  emptying  times  are  estimated  at  10  man- 
minutes  per  tank  in  determining  the  annual  costs  of  Table  31.  This  time 
includes  handling,  connecting,  and  disconnecting  water  and  drain  hoses, 
spotting  the  car  at  the  draining  site,  and  opening  and  closing  water  tank 
bottom  drain  valves. 

(4)  Maintenance  Requirements.  Water  tank  blast  shield  maintenance 
is  estimated  at  one  man-hour  per  year  per  tank  in  Table  33  and  consists 
primarily,  of  welded  leak  repairs.  Each  DOD  activity  having  custody  of  the 
water  tank  equipment  requiring  repair  will  effect  that  repair.  Ocean 
terminals  and  outports  will  make  only  the  minimum  essential  repairs  necessary 
to  assure  safe  retroshipment.  Water  tanks  on  loan  to  other  DOD  activities 
maintained  and  repaired  by  the  using  activities  as  a  condition  set  forth  in 
loan  agreements.  The  following  procedures  for  maintenance  of  water  tanks 
equipment  will  apply: 
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(a)  Inspection.  To  determine  serviceability,  water  tank  equip¬ 
ment  will  be  inspected  in  accordance  with  applicable  Technical  Manuals  (TM) . 

(b)  Repair .  Repairs  will  be  made  to  the  extent  necessary  to 
assure  that  equipment  is  in  an  acceptable  serviceable  condition  conforming 
to  standards  of  applicable  TMs .  Repair  or  painting  will  not  be  accomplished 
solely  to  return  the  container  to  a  "like  new"  condition. 

(c)  Exceeding  Repair  Limits.  Except  as  specified  in  load  agree¬ 
ments,  water  tank  equipment  requiring  repair  exceeding  repair  limitations 
will  be  serially  reported  to  Director,  DARCOMPSCC,  Tobyhanna  Army  Depot, 

ATTN:  SDSTO-TCOC,  Tobyhanna,  PA  18466,  for  disposition  instructions. 

The  report  will  include  a  description  of  the  considition  of  each  water 
tank  and  detailed  estimated  repair  costs.  Water  tank  equipment  will  not 
be  shipped  to  the  Defense  property  Disposal  Office  (salvaged)  without 

the  prior  written  direction  of  DARCOMPSCC  (JCCO) . 

(d)  Repair  Limits.  Repair  within  specified  limits  will  be 
affected  using  local  resources  or  commercial  contracts  and  funded  in 
accordance  with  AR  750-17.  Commanders  effecting  repair  of  water  tank 
equipment  will  furnish  DA  Form  2407  (Maintenance  Request)  to  JCCO  for  each 
completed  repair  action.  DA  Form  2407  will  be  forwarded  within  5  working 
days  after  closeout. 

(5)  Shipping  Configuration.  When  the  water  tank  blast  shields 

ha\ e  reached  their  destination,  they  must  then  be  returned  to  the  ammunitinon 
shippers  for  future  use.  When  an  ammunition  plant  or  depot  receives  a 
water  tank-shielded  boxcar,  it  simply  unloads  its  commodity  and  reuses  the 
same  car,  with  water  tanks  in  place,  to  ship  an  outgoing  munitions  item. 

At  the  end  of  the  CONUS  rail  transportation  network,  usually  a  water 
terminal  shipping  point,  the  water  tanks  would  be  removed  from  the  ammu¬ 
nition  cars  and  marshalled  until  return  shipping  quantities  are  generated. 
Table  17  demonstrated  the  estimated  water  tank  retroshipping  costs  for 
the  5  year  projection  period.  These  9  feet  wide  by  8  feet  high  by  1  foot 
deep  tanks  are  fabricated  of  1/4-inch  steel  and  weigh  2,200  lb  empty. 
Approximately  45  of  these  tanks  could  be  retroshipped  to  a  specific  ammu¬ 
nition  shipment  originator  per  50-foot  boxcar.  Rail  flatcar  may  be  a  more 
practical  mode  of  retroshipment .  These  water  tanks  require  no  special 
handling  requirements  or  packaging. 

(6)  Logistic  Control  Procedures.  All  installations,  activities, 
and  agencies,  regardless  of  command,  location,  or  service,  which  receive, 
tranship,  or  dispatch  water  tanks  (loaded  or  empty)  will  report  such 
receipts,  transshipments,  or  dispatches  within  48  hours.  These  reports 
form  the  basis  for  water  tank  control  administered  by  JCCO  and  provide 
the  current  location  or  destination  of  water  tank  equipment.  Movement 
reports  will  be  electrically  transmitted,  unclassified,  routine  messages 
addressed  to  CDR  TOAD  TOBYHANNA  PA  with  an  information  copy  to  each 
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consignee .  Multiple  transactions  may  be  grouped  on  a  single  transmission 
as  long  as  such  grouping  does  not  impede  accurate  reporting.  Water  tanks 
will  be  reported  by  US  Army  serial  number. 

3 .  Discussion. 

The  sequence  of  options  listed  on  page  30  was  listed  in  order  of 
increasing  probable  explosion  size.  Unfortunately,  as  was  seen  in  the 
operational  feasibility  section,  this  sequence  is  also  ordered  according 
to  decreasing  costs.  Significant  increases  in  cost/munition  accrue  with 
implementation  of  techniques  which  decrease  explosion  size. 

In  Table  36,  the  Inhabited  Building  Distance  (IBD)  and  Fragment 
Distances  (FD)  are  provided  for  various  sizes  of  explosions  of  155  mm 
artillery  shell.  (Recall  that  the  IBD  is  defined  as  the  minimum  permissible, 
distance  between  an  inhabited  building  and  an  explosive  location,  that 
provides  a  high  degree  of  protection  to  the  building  and  its  occupants 
from  blast  or  shock  effects.  The  FD  is  defined  as  the  range  to  which  a 
hazardous  fragment  density  may  extend  from  the  explosion  of  a  particular 
item  of  ammunition10.) 

These  distance  criteria  are  designed  to  provde  a  high  level  of 
protection  for  personnel  against  blast  and  primary  fragments  and  for 
buildings  against  structural  damage.  They  do  not  account  for  glass 
breakage  (and  personal  injury  resulting  therefrom)  or  for  throwouts 
(ejected,  intact,  or  partially  intact  munitions)  and  fragments  which  may 
cause  fires.  (The  test  data  gathered  under  this  program  would  indicate 
that  the  danger  of  fires  starting  from  throwouts  and  fragments  is 
vanishingly  small  in  the  absence  of  extremely  flammable  target  materials. 
These  tests  were  conducted  on  arid  terrain,  in  the  presence  of  considerable 
dried  vegetation.  In  no  instance  did  fire  result  from  the  ejecta  of 
these  tests.) 

In  Figure  12,  the  uniform  annual  cost  is  plotted  vs  the  IBD  and  FD 
obtained  for  the  options  cited  above  which  are  applicable  to  155  mm  SLP. 

The  water  tank  option  represents  a  lower  bound  of  estimated  costs.  Not 
included  in  this  estimate  are  costs  resulting  from  required  additional 
spacing  (with  consequent  reduction  in  payload,  and  increased  dunnage)  to 
prevent  propagation  from  car  to  car  via  a  crushing  mechanism.  The  "status 
quo"  option  IBD  represents  that  for  a  10-munition  car  train,  where  the 
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Figure  12  -  Uniform  annual  costs  versus  inhabited  building  distance 
and  fragmentation  distances  for  various  options. 
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munition  laden  cars  are  contiguous.  More  munitions  cars  would  increase 
this  distance,  of  course*. 


V.  CONCLUSIONS 

1.  It  is  technically  feasible  to  control  the  size  of  an  explosion 

of  mass  detonable  munitions,  by  application  of  several  different  techniques: 

a.  Reconfiguration  of  projectiles  such  that  units  are  arranged 
nose-nose  and  base-base  can  essentially  eliminate  propagation  of  detonation 
between  units,  if  adequate  spacing  is  maintained. 

b.  Reconfiguration  of  MK  80  series  bombs,  with  specially  designed 
nose  plugs  into  a  nose-nose  configuration  can  essentially  eliminate  pro¬ 
pagation  of  detonation  between  units  of  bombs,  provided  adequate  spacing 
between  units  is  maintained. 

c.  Side  to  side  propagation  of  detonation  between  units  of  pro¬ 
jectiles  can  be  essentially  eliminated  through  use  of  shielding  and 
spacing. 

2.  The  cost  per  munition,  to  limit  the  size  of  an  explosion  to  a 
unit  of  a  given  size,  is  inversely  proportional  to  the  size  of  the  unit, 
for  shielded  units. 

3.  The  use  of  water  tanks  at  the  end  of  railcars  may  significantly 
reduce  the  tendency  for  detonation  to  propagate  between  carloads  of  MK  80 
series  bombs.  In  combination  with  appropriate  spacing,  this  approach 
should  be  applicable  to  a  wide  range  of  munitions.  Test  data  would  have 

to  be  obtained,  however,  for  each  application.  It  is  unlikely  that  without 
increased  spacing  between  carloads  these  water  tanks  will  prevent  propagation 
of  detonation  between  carloads  of  projectiles  which,  because  of  the  sensitivity 
of  the  explosive  fill,  are  quite  vulnerable  to  crushing. 


*  Note  that  the  fragment  distance  is  unaffected  by  choice  of  options. 
This  does  not  mean  that  the  fragment  risk  to  personnel  and  property  is 
independent  of  explosion  size.  Indeed,  the  fragment  threat  within  this 
distance  would  be  expected  to  increase  quite  dramatically  with  increasing 
explosion  size.  (It  is  quite  possible  that  the  actual  distance  for  which 
the  fragment  density  exceeds  one  fragment  of  78  joules  of  energy  per 
58  square  meters  will  also  increase  with  increasing  explosion  size. 
However,  the  currently  used  US  Standard  makes  no  provision  for  this 
and  there  are  no  quantitative  data  available,  adequate  to  justify 
choice  of  a  different  standard.) 
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APPENDIX  A 


MULTIPALLET  UNITS  OF  SLP 


I.  Summary  of  Recommendation 

It  is  recommended  that  consideration  be  given  to  shipping  separate 
loading  projectiles  in  multipallet  units,  oriented  nose-nose  and  base- 
base,  with  major  axes  of  the  projectiles  parallel  to  the  major  axes  of 
the  rail  cars,  and  with  appropriate  space  between  units. 

II.  Implementation  Method 

This  recommendation  would  be  implemented  in  two  parts. 

A.  A  DOD  sponsored  study  to  determine  the  optimum  stacking  and 
spacing  configurations  for  separate  loading  projectiles,  other  then 

155  mm  (the  necessary  testing  has  been  accomplished  for  155  mm  munitions) , 
and  a  cost  benefit  analysis. 

B.  A  DOD  directed  implementation  of  this  shipping  technique. 

III.  Actions  Required  by  ASA  (IL  8  FM)  and  the  ASD  (MRA  §  L) 

A.  ASA  (IL  S  FM)  -  Review,  approve,  and  forward  to  ASD  (MRA  S  L) 
the  attached  plan. 

B.  ASD  (MRA  5  L)  -  Approve  the  attached  plan,  provide  the  necessary 
funding,  direct  an  appropriate  DOD  component  to  coordinate  and  conduct 
the  program.  If  deemed  warranted  by  the  results  of  the  program,  direct 
the  appropriate  DOD  component  to  implement  program  recommendations. 

IV.  Cost  Benefit  Summary 

A.  Estimated  net  project  cost  -  $1200K  (exclusive  of  munitions  costs) 

B.  Estimated  implementation  cost  -  unknown,  would  result  from  A. 

C.  Summary  of  benefits.  The  benefits  to  be  derived  lie  in  the  area 
of  improved  public  safety,  which  stem  from  the  fact  that  the  maximum 
credible  explosion  size  is  essentially  one  multipallet  unit  of  munitions, 
rather  than  a  whole  rail  car  load  or  an  entire  munitions  train. 

V.  Operational  Impact  Summary 

There  is  no  projected  operational  impact. 
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VI .  Logistic  Procedural  Summary 

Implementation  of  this  concept  would  not  require  any  new  management 
programs  or  procedures,  since  cars  would  he  procured  according  to  current 
procedures. 
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APPENDIX  B 


TEST  PLAN  FOR  MULT I PALLET  UNITS  FOR  SLP 


I.  Objective 

To  extend  the  multipallet  unit  concept,  developed  for  155  mm 
projectiles,  to  other  members  of  the  SLP  family,  such  that  significant 
improvements  in  public  safety  can  obtain. 

II.  Participants 

DARCOM  is  judged  to  be  appropriate  to  assume  responsibility  for 
management  and  performance  of  this  effort.  Both  ARRADCOM  and  ARRCOM 
should  be  involved. 

III.  Time  Frame 

Start  -  3d  Quarter  FY  81 

Complete  -  4th  Quarter  FY  82 

IV.  Resource  Requirements 

Estimated  total  cost  -  $1200K  (exclusive  of  costs  of  munitions) 

Materials  costs  $  200K 

Manpower  $1000K 

V.  Suggested  Facility  Participation 

Ammunition  Equipment  Office,  Tooele  Army  Depot,  Tooele,  Utah 

USA  Defense  Ammunition  Center,  Savanna,  Illinois 

USA  ARRADCOM  Packaging  Lab,  Dover,  New  Jersey 

USA  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  Maryland 

VI.  Test  and  Evaluation  Methodology 

A.  Analyses  and  tests  to  determine  technically  feasible  configurations 
for  each  member  of  the  SLP  family.  This  involves  selection  of  space  and 
weight  efficient  configurations,  and  testing  of  selected  options  to  insure 
that  propagation  between  units  can  be  prevented. 

B.  Economic  analysis.  This  involves  a  complete  economic  impact 
assessment,  as  was  done  in  the  bulk  of  the  Task  10  report,  to  insure  that 
no  untoward  penalties  arise,  and  to  permit  an  accurate  cost-benefit 
assessment . 
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APPENDIX  C 


CONTROL  OF  EXPLOSIVE  SIZE  FOR  MK  80  SERIES  BOMB 


I.  Summary  of  Recommendation 

It  is  recommended  that  a  test  series  be  conducted  to  determine  the 
applicability  of  nose  plugs  and  nose-nose,  base-base  orientation,  with 
interpallet  spacing,  to  MK  80  series  bombs,  to  limit  explosion  size  to 
a  single  multipallet  unit. 

II.  Implementation  Method 

This  recommendation  would  be  implemented  in  two  parts. 

A.  A  DOD  sponsored  test  program  to  evaluate  technical  and  operational 
feasibility  followed  by,  if  warrented  - 

B.  A  DOD  directive  for  implementation. 

III.  Actions  Required  by  ASA  (IL  8  FM)  and  the  ASD  (MRA  8  L) 

A.  ASA  (IL  8  FM)  -  Review  attached  plan  and  submit  to  ASD  (MRA  8  L) . 

B.  ASD  (MRA  8  L)  -  Approve  the  attached  plan,  identify  funding 
sources,  designate  the  appropriate  DoD  component  to  conduct  and  coordinate 
the  evaluation.  If  deemed  warranted,  direct  the  appropriate  DOD  component 
to  initiate  implementation  of  study  recommendations. 

IV.  Cost  Benefit  Summary  Statement 

A.  Project  costs  -  Total  $900K 

Manpower  $800K 
Materials*  $100K 

*exclusive  of  munitions 

B.  Benefits.  Assessment  of  potential  to  dramatically  improve 
public  safety  in  rail  transport  of  bombs. 

V.  Operational  Impact 

There  is  no  projected  operational  impact. 

VI.  Logistic  Procedural  Impact 

There  is  no  impact  on  logistic  procedures. 
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APPENDIX  D 


TEST  PLAN  FOR  CONTROL  OF  EXPLOSIVE  SIZE  OF  MK  80  SERIES  BOMB 


I.  Objective 

To  determine  the  technical  and  operational  feasibility  of  limiting 
explosions  of  MK  80  series  bombs  to  a  single,  multipallet  unit. 

II.  Participants 

Recommend  that  DARCOM  be  the  lead  command,  Sub  elements  of  DARCOM 
will  assist  at  the  discretion  of  DARCOM. 

III.  Time  Frame 

Start  -  3d  Quarter  FY  81 
Complete  -  4th  Quarter  FY  82 

IV.  Resource  Requirements 

Total  Costs  $900K 

Materials*  $100K 

Manpower  $800K 

*exclusive  of  munitions  costs 

V.  Proposed  Facility  Participation 

Ammunition  Equipment  Office,  Tooele  Army  Depot,  Tooele,  Utah 
USA  Defense  Ammunition  Center,  Savanna,  Illinois 
USA  ARRADCOM  Packaging  Lab,  Dover,  New  Jersey 

USA  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  Maryland 

VI.  Test  and  Evaluation  Methodology 

A.  Scaling  analyses  of  blast,  fragment  fields  for  each  munition  type 
(MK  82,  83,  84  and  GP  bombs)  as  function  of  unit  size  will  be  made  to 
estimate  required  spacings  to  prevent  propagation  between  units. 

B.  Tests  will  be  conducted  to  demonstrate  that  explosion  can  be 
limited  to  a  single,  multipallet  unit,  and  to  determine  required  inter 
unit  spacing.  Best  configurations  will  be  selected  for  - 

C.  Cost  and  operational  analysis. 

D.  Conclusions  and  recommendations  will  be  forwarded  through 
channels  to  ASA  (IL  8  FM)  for  approval  and  submission  to  ASD  (MRA  8  L) . 
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